Where does linguistic structure come from? We suggest that systematicity in language evolves adaptively in response to environmental and contextual affordances associated with the practice of communication itself. In two experiments, we used a silent gesture referential game paradigm to investigate environmental and social factors promoting the propagation of systematicity in a novel communication system. We found that structure in the emerging communication systems evolve contingent on structural properties of the environment. More specifically, interlocutors spontaneously relied on structural features of the referent stimuli they communicated about to motivate systematic aspects of the evolving communication system even when idiosyncratic iconic strategies were equally afforded. Furthermore, we found systematicity to be promoted by the nature of the referent environment. When the referent environment was open and unstable, analytic systematic strategies were more likely to emerge compared to stimulus environments with a closed set of referents. Lastly, we found that displacement of communication promoted systematicity. That is, when interlocutors had to communicate about items not immediately present in the moment of communication, they were more likely to evolve systematic solutions, supposedly due to working memory advantages. Together, our findings provide experimental evidence for the idea that linguistic structure evolves adaptively from contextually situated language use.
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Introduction
Systematicity permeates language at all levels. Most languages, for instance, show consistent constituent orders (e.g. Subject-Object-Verb vs. Subject-Verb-Object), compositionality (e.g. systematic marking of tense, gender, case, number etc.), semantic roles or even systematic sound-meaning mappings as in phonaestheme clusters such as glimmer, glare, glisten (Bergen, 2004; Monaghan, Shillcock, Christiansen, & Kirby, 2014) . Systematicity thus refers to statistical relationships between forms that relate in their meanings, ultimately constituting 'categories' on the form side. But where does systematicity come from? What are the cognitive and communicative factors that promote the persuasive propagation of systematicity across almost all aspects of linguistic structure?
Controversies exist in the language sciences concerning the foundations of linguistic structure. Some theories favour biological explanations grounding linguistic structure in innate genetic code (Chomsky, 1986; Hauser, Chomsky, & Fitch, 2002; Pinker, 1994 ). Another prevalent suggestion is that systematicity emerges in response to internal, cognitive biases that get amplified through transmission and learning in processes of cultural evolution (Brighton, 2002; Christiansen & Chater, 2008; Kirby, Cornish, & Smith, 2008; Kirby, Griffiths, & Smith, 2014; Kirby, Tamariz, Cornish, & Smith, 2015; Smith, Brighton, & Kirby, 2003) . Using the 'iterated learning paradigm', Kirby and colleagues have investigated how sign systems become increasingly ordered, compressible and easier to learn and process, as they are transmitted from one generation to another, due to subtle unintended distortions as signs pass through cognitive bottlenecks and biases of language learners (Kirby et al., 2008) . However, it is unclear where this human propensity for systematicity comes from and how specific features are selected and become expressed in systematic categories.
In this paper, we explore the circumstances under which systematic strategies evolve in communicative interaction when referents can also potentially be disambiguated using idiosyncratic, holistic signs. By "circumstances", we mean factors that pertain to aspects of the referent environment and communicative situation. The idea that linguistic structure is promoted by a number of external, contextual factors has https://doi.org/10.1016/j.cognition.2018.08.014 Received 13 February 2018; Received in revised form 22 August 2018; Accepted 22 August 2018
